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Description 

The present invention relates to a method for filling 
particulate material into a tube. The method relates more 
particularly to filling a catalyst into a tube and then usu- 
ally a whole series of vertical tubes, for example in con- 
nection with production of ammonia. 

The main problem with filling particles into a tube is 
that voids easily form. This happens especially with par- 
ticles which easily form bridges in the tube. To attain even 
filling, the tube can be vibrated, e.g. by tapping or striking 
the upper part of the tube. However, this is laborious and 
delays the filling operation. Furthermore, the tube is 
exposed to extra mechanical stress. 

When filling catalyst into the tubes, there is a special 
problem with unevenness because uneven filling and 
voids cause uneven temperature distribution over the 
tube. This creates temperature and mechanical stress in 
the tube and reduces its lifetime. 

A known way to reduce the above described problem 
is to first fill particles into long sock, for example of soft 
plastic. The particles or catalysts can also be delivered 
from the manufacturer in such socks. When filling the 
tubes, the sock with particles is fastened on a line and 
lowered towards the bottom of each tube. By jerking the 
line, the sock opens below and the particles flow into the 
tube. Usually a large number of such socks is required 
to fill one catalyst tube. With this method, it is usual to 
tap the tubes to improve the degree of filling. 

There are several disadvantages with this method. 
Particularly, if the sock contains voids, then one easily 
gets corresponding voids in the tube when the sock is 
emptied. Even and dense filling of the tube with particles 
is consequently difficult to achieve with this method. Dif- 
ferent densities in the tubes cause variation in the pres- 
sure drop over the tubes. This results in distortions of the 
gas distribution in a multitube reactor. The poor repro- 
ducibility with the filling means that the tubes must be 
exposed to extra tapping to secure reasonably even gas 
distribution over the tubes. In addition, the method is 
laborious. One is fettered to one packaging form and 
must often pay to get the particles filled into the socks. 
Systematic errors may also arise because of operator- 
dependent errors both with filling the socks and with fill- 
ing the tubes. 

A special way to attain good and even packing of 
particles in tubing is to fill it with water and then pour in 
particles. However, this method requires that the water 
aftenwards is completely removed. This removal and 
subsequent drying takes a long time and to this must be 
added that not all types of particles/catalysts can endure 
exposure to water. 

A method for filling a tube with a catalyst by adding 
it to the upper part of the tube by means of a transporter 
comprising a slowly rotating arrangement is known from 
patent application RD-253040-A. The catalyst is trans- 
ported from a container through a duct in which there is 
a rod with oblique/transverse propeller wings or brushes. 



The catalyst particles are then transported to the catalyst 
tube's upper end and fall smoothly into it. 

In order to get even filling of the tube, the particles 
must be added slowly Further, the particles, especially 
5 during the first part of the filling, have a long drop and 
may thereby be crushed during the fall. Consequently 
the result will be uneven packing of particles over the ver- 
tical length of the tube. The filling time with this method 
will also be long. 
10 US-A-3.608,751 discloses a device for facilitating 
dry loading of a particulate catalyst into vertical tubes. 
The device comprises a line such as Manila rope with a 
series of damper means, in the form of rigid blades, 
arranged transversally to the line. 
15 The object of the present invention is to arrive at a 
method which does not have the disadvantages of the 
known methods. More particularly, a quick, gentle, and 
even filling of particles into the tubes was desired. 
In order to get a quickf illing of the tubes, the particles 
20 were emptied directly down into the tubes, but to avoid 
crushing of the particles various approaches were tried 
to soften the fall. Rods with transverse damper means 
were lowered down into the tube and particles were 
poured down the tube over them. This seemed to work 
25 well provided that the particles fell evenly downwards 
from damper means to damper means. By pulling the 
rod upwanjly during the filling, a relatively even filling was 
attained. However, in most cases, a rigid rod was awk- 
ward and space-consuming to use. Consequently flexi- 
30 ble means, in the following defined to be a line 
comprising an articulated rod. a wire, chain or the like 
with a plurality of damper means shapeable in different 
ways, but their radial extension had to be smaller than 
the radius of the tube. The type and shape of the damper 
35 means and line could be adapted in particular cases to 
the actual type of particles and the tubular diameter. 
Somewhat flexible damper means seemad to be advan- 
tageous to use. An advantageous embodiment was 
found to be bristles of spring steel or relatively stiff 
40 springs twisted into the wire or fastened in some other 
manner to the line/chain with the damper means. It also 
appeared that with such a line with damper means, 
bridge formation was avoided, even with particulate 
material known for easily forming bridges during filling. 
45 More complete testing was begun. A funnel was set 
up on each tube and a line with a series of damper means 
was conveyed down in the tube. Then the particles were 
poured down into the tube. A very quick, even and repro- 
ducible filling was attained, particularly if the line was 
50 jerked a little during the filling while simultaneously being 
lifted up gradually as the tube filled. 

The special features of the invention are as defined 
in the attached patent claims. 

The invention will now be explained In detail with ref- 
55 erence to the drawings and the examplified embodi- 
ments. 

Fig. 1 shows a tube filled in a conventional manner. 
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Fig. 2 shows a tube f illed in accordance with the 
invention. 

Fig. 3 shows a detailed embodiment of the means 

used during filling in accordance with the s 
invention. 

Fig. 1 shows a tube 1 . e.g. a catalyst tube. Particles 
2 are filled in the tube 1. and as shown in the drawing, 
there is uneven filling since voids 3 have come into being. io 

Fig. 2 shows how a tube 1 can be filled by the inven- 
tive method and which accessories are used. A line 4. 
wire, chain or the like, is provided with substantially trans- 
verse damper means 5. Here, these are shown as 
brushes. The line 4 can be moved, primarily vertically, is 
and is pulled gradually up out of the tube as it fills. The 
particles pour down into the tube 1 through a funnel 6 
removed after filling is completed. The particles can of 
course be added in other ways. e.g. by means of the 
transporter described in the above-specified patent 20 
application. 

Fig. 3 shows the damper means 5 in detail and how 
the substantially transverse springs are twisted into a 
string 9 fastened to the line 4 by rings 8. Tine distance 
between the damper means 5 is usually substantially 
equal, but it can also vary. The damper means' 5 shap- 
ing, as to length, stiffness, number of individual brushes 
etc! can be adapted to the material to be filled into the 
tube 1. 

Example 1 

A series of tests were performed by filling particles 
into a tube in accordance with a conventional method 
and the inventive method. During the testing, a 4 meter 
long transparent tube with an inner diameter of 100 mm 
was used. Catalyst particles of 1 7 mm x 1 7 mm x 6 mm 
were used. 

The tube was first filled by lowering socks with par- 
ticles down into the tube and then pulling the socks up 
so that they emptied. In order to fill a tube, four of these 
standard socks were consumed. There was observed 
some crushing of particles and quite uneven filling of the 
tube, with a number of empty spaces and some bridge 
formation in the tube. It appeared that the particles from 
the socks were transferred so directly down into the tube 
that the empty spaces in the sock could substantially be 
rediscovered in the tube. 

Average filling time for 10 tests was : 153 seconds. 
Average bulk density of the catalyst In the tube was : 1 .00 
kg/liter. 

Reproducibility, expressed as.standard deviation of bulk 
density, was: 0.02. 

A series of corresponding tests and the same type 
of particles were performed in accordance with the 
invention and as illustrated in Figs. 2 and 3. The distance 
between the damper means was about 50 cm. No crush- 
ing of particles was observed. There was a very even 



distribution of particles In the tube without any empty 
space. 

Average filling time forlO tests was . 105 seconds. 
Average bulk density was : 1 .11 kg/liter. 
ReprodudWIty, standard deviation In bulk density, was : 
0.01. 

A series of further tests with other types of particles 
were performed. These tests were performed in accord- 
ance with the invention and showed that also for these 
particles quick filling of the tubes was attained, and that 
they were evenly filled without signs of bridge formation 
or empty spaces. 

With the present invention, a novel and more r^ro- 
ducible filling method, far quicker than those known, has 
been attained. The method is gentle to particles such 
that their crushing during the filling operation is avoided. 
An even filling of the tube is also obtained, and thus one 
result has been avoidance of uneven temperature distri- 
bution when the tube filled with catalyst is in operation. 

Further, an even density of particles in the tubes is 
attained without exposing them to tapping/vibration 
which is both time-consuming and damaging to the 
tubes. Consequently, time is saved both during the filling 
and since the tubes do not have to be tapped as is usual 
25 with known methods. 

The method is simple and to a very small degree 
dependent upon whoever is the operator during the filling 
process. In addition, one avoids the errors connected 
with filling of particles in socks. A substantial degree of 
30 freedom regarding packaging and the form off transport 
for the particles is also obtained. 

Claims 

35 1 . A method for filling particulate material Into vertical 
tubes, said material being conveyed down into the 
tube along a line with a series of damper means 
arranged substantially transversely to the line and 
having a radial extension less than the tube's inner 
40 radius, and that the line is pulled up gradually as the 
tube is filled with partides. 
characterized In that 

the damper means are in the form of brushes which 
are so flexible that they give gradually when the par- 
45 tides fall down on them. 

2- A method according to. 
characterized in that 

a wire is used as the line, to which is fastened a 
50 series of substantially equidistant transversely 
extending brushes, preferably consisting of springs. 

Patentanspruche 

55 1. Verfahren zum FOIIen von aus Partikein bestehen- 
dem Material in vertikale Rohre. wobei dasbesagte 
Material in das Rohr hinab befOrdert wird. entiang 
einer Leine mit einer Reihe von Dampfungsmitteln. 
welche im wesentllchen quer zu der LeIne angeord- 
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net sind und eine radiale Ausdehnung aufweisen die 
geringer ist als der innere Halbmesser des Rohres, 
und wobei die Leine stufenweise nach oben gezo- 
gen wird in dem MaBe wie das Rohr mit Partlkein 
gefullt wird. dadurch gekennzeichnet. daB die 5 
Dampfungsmittel in der Form von Bursten vorliegen, 
welche so biegsam sind, daB sie stufenweise nach- 
geben wenn die Partikein auf sie fallen. 

2. Verfahren gemSB Anspruch 1. dadurch gekenn-. 10, 
zeichnet, daB man als Leine einen Draht benutzt, an 
= den eine Reihe von BQrsten befestigt wird, welche 
im wesentlichen in gleichen Abstanden angeordnet 
sind und sich in Querrichtung erstrecken, wobei die- 
selben vorzugsweise aus Federn bestehen. is 

Revendications 

1 . Proced6 de remplissage de tubes verticaux par un 
mat6riau particulaire, ledit mat6riau 6tant achemin6 20 
dans le tube de haut en bas le long d'une ligne com- 
portant une s6rie de nnoyens d'amortissement agen- 
c^s de mani^re sensiblement transversale k la ligne 

et ayant une extension radiale inf6rjeure au rayon 
interne du tube, et la ligne 6tant retiree vers le haut 25 
graduellement au fur et k mesure que le tube est 
rempll de particules. caract6ris6 en ce que ies 
moyens d'amortissement se pr6sentent sous la 
forme de brosses qui sont assez flexibles pour 
qu'elles operant graduellement lorsque Ies partlcu- 30 
Ies tombent sur elles. 

2. Proc^^ selon la revendication 1 , caract^ris^ en ce 
qu*on utilise comme ligne un fil m^tallique auquel 
sont f ix6es une s6rie de brosses s*6tendant trans- 35 
versalement et sensiblement 6quidistantes, consti- 
tutes de preference de ressorts. 



55 



EP 0 548 999 B1 




